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PREFACE 


This  document  is  the  final  report  on  a  flight  test  program  authorized  by 
the  Eustis  Directorate,  U.  S.  Army  Air  Mobility  Research  and  Develop¬ 
ment  Laboratory  under  Contract  DAAJ02-72-C-0111.  The  technical 
monitor  of  this  program  was  Mr.  R.  P.  Smith.  This  program  is  part 
of  the  U.  S.  Army's  continuing  effort  to  develop  stability  augmentation 
systems  for  helicopters.  The  work  presented  in  this  report  started  June  1, 
1972,  and  was  completed  November  30,  1973. 
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INTRODUCTION 


This  report  represents  the  results  of  flight  tests  of  an  OH-58A  helicopter 
equipped  with  a  hydrofluidic  yaw  stability  augmentation  system  (SAS).  The 
objective  of  the  program  was  to  demonstrate  an  increase  in  yaw  damping,  by 
use  of  the  yaw  SAS,  for  all  flight  conditions. 

The  YG1105A01  yaw  SAS  was  developed  in  September  1969.  It  featured  only 
high-passed  yaw  rate  feedback.  This  configuration  was  mechanized,  installed 
in  an  OH-58A,  and  flight  tested  in  October  1972.  Flight  tests  revealed  that 
absence  of  any  straight-through  yaw  rate  feedback  resulted  in  excessive  yaw 
rate  buildup  in  hover. 


The  contract  was  then  extended  to  provide  for  the  addition  of  a  straight-through 
yaw  rate  feedback  term.  The  resultant  YG1116A01  configuration  was  mecha¬ 
nized,  installed  in  an  OH-58A,  and  flight  tested  during  October  and  December 
1973,  with  satisfactory  results. 

Quantitative  results  are  presented  in  terms  of  recordings  of  aircraft  responses  j 
to  step  and  pulse  inputs.  These  are  summarized  in  tabular  form.  Qualitative 
results  are  presented  in  the  form  of  comments  by  the  project  pilot. 


ANALYTICAL  BACKGROUND 


HIGH-PASSED  YAW  RATE  FEEDBACK  YG1105A01 

In  September  1969  Honeyweii  conducted  an  analog  study  of  a  yaw  stability 
augmentation  system  (SAS)  for  the  OH-58A  helicopter  using  data  supplied 
by  the  Bell  Aircraft  Co.  Figure  1  illustrates  the  analog  simulation  and 
Table  I  lists  the  potentiometer  settings  used.  The  analog  simulation  was 
used  to  develop  and  evaluate  a  yaw  SAS  of  the  configuration  shown  in 
Figure  2.  The  yaw  SAS  was  evaluated  for  the  following  ranges  of  para¬ 
meters: 

IAS  0  to  120  kn 

t  .  03  to  .  1  sec 

K!  i  9  in- 

♦HP  1  to  2  rad/sec 

Tj  .  5  to  2.  5  sec 

0  to  1.  5  in.  /in. 

As  a  result  of  the  evaluation.it  was  recommended  that  a  yaw  SAS  with  the 
following  parameters  be  built  and  flight  tested: 

t  .  06  sec 


*  9  . 

*HP  *  rad/  sec 

Tj  2  sec 

Kg  1.  5  in.  /in. 

This  configuration  was  built,  and  flight  tests  were  completed  in  October  1972. 
Initial  flight  test  results  led  to  an  increase  in'gain  (K!  )  from  2  to  2.  5 

♦hp 

in.  ,  and  so  subsequent  flight  tests  were  conducted  at  the  latter  gain, 

rad / sec 

Following  the  Honeywell  flight  test  program,  ASTA  pilot  evaluation  of  the 
OH-58A  helicopter  equipped  with  a  YG1105A01  yaw  SAS  was  conducted. 


Enhanced  performance  was  reported  in  these  areas: 

•  Improved  roll  damping 

•  Improved  spiral  stability 

•  Zero  delay  time  to  activate  the  SAS  and  minimal  engage 
transients 

One  deficiency,  however,  was  reported.  Resonant  high  frequency 
directional  boost  actuator  vibration  was  noticed  by  the  pilots.  Boost 
actuator  vibration  is  not  ascribed  to  the  SAS,  as  it  was  experienced  with 
both  the  SAS  on  and  off.  The  condition  apparently  developed  from  modifi¬ 
cation  to  the  aircraft  control  linkages,  which  enabled  installation  of  the 
SAS.  Correction  of  this  problem  is  considered  mandatory. 

Correction  of  these  additional  shortcomings  is  considered  desirable: 


•  Lack  of  a  positive  directional  control  force  gradient 

•  Lack  of  directional  control  position  centering 

•  Lack  of  directional  rate  damping  in  hover 

Neither  control  force  gradient  nor  control  position  centering  are  ascribed 
directly  to  the  SAS.  They  also  result  from  modification  to  the  control 
linkages,  which  enabled  SAS  installation,  and  in  particular,  from  the  sig¬ 
nificant  reduction  in  control  pedal  forces.  Lack  of  directional  rate 
damping  in  hover,  where  aerodynamic  damping  is  small,  is  due  to  the 
fact  that  the  SAS  employed  only  high-passed  yaw  rate  There  was  nothing 
to  restrain  steady-state  yaw  rate. 


ASTA  pilots  complained  of  excessive  yaw  rate  buildup  in  hover  in  response  to  a 
step  input  of  pedal.  Yaw  rates  of  approximately  133  degrees  per  second  per 
inch  of  pedal  were  observed.  This  problem  was  not  evident  during  SAS  develop¬ 
ment  on  the  analog  computer  nor  during  the  Honeywell  flight  test  program. 

One  reason  may  have  been  that  Honeywell  was  constrained  to  flying  in 
ground  effect  or  above  1,000  feet,  whereas  ASTA  pilots  obtained  a  waiver 
enabling  them  to  fly  at  75  feet  where  the  problem  was  noted.  A  second 
reason  may  have  been  Honeywell's  design  philosophy  which  was  to  avoid 
affecting  the  pilot's  control  power.  A  contributing  factor  may  have  been 
the  wording  of  the  specification.  Paragraph  3.  3.  7  of  MIL-H-8501A, 

Amendment  1,  dated  April  3,  1962  states:  "the  maximum  rate  of  yaw  per 
inch  of  rudder  pedal  displacement  from  trim  while  hovering  shall  not  be 
so  high  as  to  cause  a  tendency  for  the  pilot  to  overcontrol  unintentionally.  " 
Thus,determination  of  yaw  rate  buildup  is  relative.  If  a  pilot  feels  he  can 
take  timely  corrective  action,  he  would  not  be  dissatisfied  with  the  yaw 
SAS. 
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ADDITION  OF  STRAIGHT-THROUGH  YAW  RATE  YG1116AQ1 

An  additional  analog  study  was  conducted  in  December  1972  to  develop 
remedy  for  the  high  steady-state  yaw  rates  at  hover.  Initially,  the  identical 
analog  simulation  was  used.  After  the  analog  performance  obtained  in 
1969  was  duplicated,  indicating  satisfactory  computer  operation,  the 
stability  derivatives  were  varied  in  an  attempt  to  duplicate  results  obtained 
during  the  Government  pilot  evaluation.  Using  a  free  aircraft  simulation, 

it  was  found  that  a  reduction  in  the  yaw  damping  derivative  (Nr)  at  hover 
from  .  52  to  .  35  produced  almost  the  same  yaw  rate  response  as  that 
obtained  in  flight  test  of  the  free  aircraft.  This  correspondence  may  be 
seen  by  comparing  yaw  rate  responses  illustrated  in  Figure  3  and 
Figure  31.  When  the  yaw  SAS  of  Figure  2  was  added  to  the  simulation, 
the  yaw  rate  response  likewise  corresponded  to  that  obtained  in  flight 
tests  of  the  aircraft  with  the  yaw  SAS  engaged.  This  may  also  be  seen  by 
comparing  Figure  3  and  Figure  31.  These  results  lend  credibility 
to  the  analog  model  in  which  Nr  was  reduced  to  .35. 

The  analog  simulation  of  Figure  1,  with  Nr  set  at  .  35,  was  then  used  to 
develop  and  evaluate  a  modification  of  the  yaw  SAS  to  reduce  steady-state 
yaw  rates  at  hover.  The  modification  consists  of  adding  a  straight-through 
yaw  rate  term  as  shown  in  Figure  4. 

Figure  5  shows  the  simulated  yaw  rate  response  to  a  .  35-inch  step  of  pedal 
for  the  free  aircraft  with  both  the  yaw  SAS  using  only  high-passed  yaw 
rate  feedback,  and  with  the  yaw  SAS  using  both  high-passed  and  straight- 
through  yaw  rate  feedback.  Reduction  in  maximum  yaw  rates  from  over 
1.  25  rad/sec  to  .  65  rad/sec  is  readily  evident.  Based  on  these  results, 
it  was  recommended  that  a  yaw  SAS  with  a  K :  =  .  25  be  built  for  flight 

?ST 

test.  This  configuration,  YG1116A01,  was  built  and  flight  tests  were 
completed  on  November  30,  1973. 

Initial  flight  test  results  led  to  an  increase  in  gain  (K|  )  from  .  25  to 

fST 

.  475  in.  Subsequent  flight  tests  of  this  configuration  were  then 
rad/sec 

conducted  at  the  latter  gain. 
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Figure  5.  Yaw  Steps 


SYSTEM  INSTALLATION 


GENERAL 


The  install atioa  details  and  the  hydraulic  lines  were  obtained  from  contract 
DAAJ02-71-C-0068.  Modifications  were  made,  however,  to  improve 
system  installation. 

The  electrical  installation  was  modified  by  changing  the  switch  on  the 
cyclic  stick  from  a  normally  open  to  a  normally  closed  type.  This  allowed 
the  circuit  to  be  of  a  fail-safe  design.  If  a  wire  broke,  the  SAS  would 
center  and  lock.  In  the  original  design  a  broken  wire  would  go  undetected 
until  the  system  was  to  be  disengaged  by  the  emergency  disengage  button 
and  then  the  SAS  would  not  disengage.  The  pilot  could  only  disengage  the 
SAS  by  means  of  the  engage  switch. 

The  hydraulic  return  line  was  rerouted  and  connected  at  the  filter  rather 
than  in  the  solenoid  valve  area.  It  was  cleaner  to  connect  it  at  the  filter 
because  of  many  hydraulic  lines  in  the  solenoid  area. 

The  stop  assembly  bracket  and  the  balance  spring  bracket  were  attached 
with  screws  and  nuts  because  a  rivet  gun  would  not  clear  some  of  the  other 
parts. 

Shown  in  Figure  6  is  the  YG1105A01  I1YSAS  mounted  on  the  Jet  Ranger 
servoactuator/boost  actuator.  This  was  the  first  system  flown,  and  from 
evaluations  of  this  system  the  modifications  to  the  YG1116A01  HYSAS 
were  made.  Figure  7  shows  this  system  mounted  on  the  servoactuator 
developed  to  mate  with  it. 


MECHANICAL  INSTALLATION 


SAS  Assembly  and  Linkages 

Figure  8  shows  an  overall  sketch  of  the  SAS  assembly  installed  in  the 
vehicle.  This  location  io  just  aft  and  above  the  baggage  compartment. 
Figure  9,  at  approximately  station  160,  is  a  view  looking  forward  into  the 
body  of  the  vehicle  with  tha  tail  boom  removed.  The  standard  wa’king 
beam  has  been  removed  prior  to  installing  a  new  part  with  flats  for  the 
stops.  The  webs  marked  A  and  B  were  removed. 

Figure  10  is  the  same  view  with  the  new  walking  beam  and  the  stop 
assembly  installed.  The  stops  were  installed  because  the  servoactuator 
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Figure  6.  YG1105A01  HYSAS  With  Actuators  and  Mounting  Hardware. 
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Figure  7.  YG1116A01  MYSAS  With  Actuators  and  Mounting  Hardware. 
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increases  the  boost  actuator's  travel  beyond  the  travel  capability  of  the 
tail  rotor,  preventing  damage  to  the  tail  rotor. 

The  YG1105A01  HYSAS  installation  is  illustrated  in  Figure  11.  The 
system  is  mounted  between  two  sheet  metal  supports  that  are  riveted  in 
place  and  stiffened  with  gussets  and  clips.  These  can  also  be  seen  in 
Figure  8. 

The  normal  control  tube  used  in  the  area  of  SAS  installation  was  removed 
and  replaced  with  two  shorter  tubes  that  connect  the  SAS  to  the  directional 
control  system  of  the  vehicle. 


Balance  Spring 

Figure  12  is  a  sketch  of  the  balance  spring  installation.  Figure  13  shows 
an  actual  view.  The  installation  is  located  under  the  front  of  the  vehicle 
at  station  23.  80.  The  angle  bracket  that  anchored  the  spring  to  the 
vehicle  was  attached  with  screws  and  nuts  because  of  a  stiffener  that 
interfered  with  use  of  a  rivet  gun. 


Directional  Axis  Force  Trim 


After  the  aircraft  had  been  flown  by  a  number  of  pilots,  the  Government 
decided  that  a  force  trim  system  should  be  installed.  This  had  been 
recommended  by  various  pilots.  The  OH-58A  does  not  have  a  boost  actu¬ 
ator  in  the  directional  axis,  so  did  not  have  a  force  trim  system  in  the 
directional  axis.  A  force  trim  system  is  installed  on  the  cyclic  controls 
of  the  production  OH-58A  helicopter. 

A  directional  force  trim  system  had  been  designed  and  installed  by  Bell 
Helicopter  Co.  on  an  OH-58A  helicopter  at  the  ASTA  facility,  Edwards, 
California.  This  same  type  of  system  was  purchased  from  BHC  and  in¬ 
stalled  in  the  OH-58A. 


SAS  Centering  Springs 

During  the  flight  test  of  the  YG1105A01  sensor/controller,  it  was  noted 
that  the  system  output  noise  level  increased  when  the  helicopter  main 
rotor  was  running.  When  run  with  the  hydraulic  ground  cart,  the  system 
was  quiet. 

This  lateral  motion  was  caused  by  the  inertial  loads  of  the  vibrating 
vehicle,  and  the  fore  and  aft  motion  was  caused  by  the  output  of  the 
boost  actuator.  These  two  motions  cause  the  SAS  assembly  to  move 
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Figure  11.  YG1105A01  HYSAS  Installed. 
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Figure  13.  Photograph  of  Balance  Spring  Installation  -  Station  23.  8. 


in  an  elliptical  motion  as  viewed  from  above.  Since  the  rate  sensor  is 
mounted  on  the  actuator,  this  motion  will  apply  a  rate  of  turn  to  the  sensor 
that  causes  the  boost  actuator  to  move.  This  continues  as  long  as  the 
lateral  motion  of  the  SAS  assembly  persists. 

To  reduce  the  lateral  motion,  a  pair  of  heavy  springs  was  attached 
between  the  airframe  and  the  top  of  the  SAS  assembly.  This  reduced  the 
motion  in  the  lateral  direction  and  probably  de.uned  the  SAS  assembly  to 
excitation  at  the  rotor  frequency. 

The  addition  of  the  springs  did  reduce  the  noise.  They  were  not  con¬ 
sidered  a  production-type  fix,  so  a  scissor  link  was  designed  to  replace 
the  springs.  This  was  installed  between  the  airframe  and  the  top  of  the 
SAS  assembly.  This  also  ’"duced  the  noise. 


When  the  YG1116A01  system  was  installed,  the  scissor  link  was  removed. 
During  this  flight  testing  the  noise  generated  by  the  lateral  motion  was 
very  small.  It  is  believed  to  have  been  small  because  the  mass  of  the 
SAS  assembly  was  less  than  the  YG1105A01  assembly  and  the  center  of 
gravity  was  lowered  considerably.  It  is  believed  that  with  a  lightweight 
system  it  is  not  necessary  to  install  hardware  to  control  the  system's 
lateral  motion. 


ELECTRICAL  INSTALLATION 


The  SAS  electrical  circuit  schematic  is  shown  in  Figure  14.  The  SAS  was 
wired  such  that  if  any  wire  breaks,  the  servoactuator  solenoid  would  be 
deenergized.  This  causes  the  servoactuator  to  center  and  lock,making 
the  fail-safe  system.  Shown  in  Figure  15  is  the  emergency  disengage 
button  and  the  original  mounting  of  the  SAS  engage  switch.  During  flight 
testing,  however,  the  pilot  found  it  difficult  to  reach  the  SAS  engage  switch 
with  his  left  hand.  It  was  subsequently  moved  to  the  center  console  loca¬ 
tion  shown  in  Figure  10.  The  SAS  circuit  breaker  was  mounted  in  the  over¬ 
head  panel  with  the  other  vehicle  circuit  breakers. 


HYDRAULIC  INSTALLATION 

The  hydraulic  system  is  shown  in  Figure  17.  The  items  inside  the  dashed 
lines  were  added  during  this  program.  The  directional  boost  actuator, 
servoactuator,  and  sensor /controller  were  mounted  together  so  that  only 
one  supply  line  was  required  to  supply  oil  to  the  three  components.  Two 
return  lines  were  necessary,  however,  since  the  sensor /controller  is 
isolated  from  the  actuators  by  a  back  pressure  regulator. 
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SAS  ENGAGE  SWITCH 


Figure  15.  SAS  Switch  Original  Position 
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The  new  lines  were  connected  into  the  existing  syster.  \t  the  return  filter 
and  at  the  shutoff  solenoid.  These  connections  can  be  seen  in  Figure  18. 
The  lines  were  routed  down  the  left  side  of  the  vehicle  as  shown  in  Figures 
19,  20,  and  21.  In  the  engine  compartment  the  lines  angled  along  the  floor 
to  approximately  the  center  of  the  vehicle  as  shown  in  F igure  22,  and  at 
station  164.  00  they  passed  through  the  engine  compartment  floor.  The 
supply  line  and  actuator  return  line  connected  directly  to  the  system 
through  flexible  hoses.  The  sensor/controller  return  line  connected  to 
the  back  pressure  regulator  by  rigid  tubing  and  then  to  the  sensor/con¬ 
troller  through  a  flexible  line.  These  connections  are  shown  in  Figure  11. 


Boost  Actuator  Oscillation 


During  the  flight  test  of  the  YG1105A01  system,  a  condition  occurred  thac 
caused  the  directional  boost  actuator  to  oscillate.  A  fixture  was  placed  on 
the  pedals  that  would  restrict  their  motion.  This  fixture  was  rigidly 
attached  to  the  airframe.  When  a  controlled  input  to  the  aircraft  was 
applied  by  the  pilot,  he  would  rapidly  move  the  pedal  against  the  test  fix¬ 
ture.  At  various  times  this  rapid  motion  and  sudden  artificial  stopping  of 
the  pedals  would  shock  the  directional  boost  actuator  and  cause  it  to  oscil¬ 
late  (buzz).  As  soon  as  the  pedal  was  removed  from  the  test  fixture, the 
oscillation  stopped.  This  oscillation  could  be  induced  on  the  ground  by 
manually  forcing  the  pedals  against  the  stops.  It  occ.irred  with  the  SAS 
engaged  or  disengaged. 

When  the  YG1116A01  system  was  flight  tested,  this  phenomenon  did  not 
occur.  Attempts  were  made  to  induce  it,  but  only  with  the  SAS  engaged 
and  only  after  repeated  attempts  could  the  boost  actuator  be  made  to 
oscillate. 

It  is  believed  that  the  weight  of  the  SAS  assembly  is  the  major  factor  that 
will  cause  the  boost  actuator  to  oscillate  when  the  pedals  are  jammed 
against  the  test  fixture  or  the  pedal  stops. 

The  problem  will  be  investigated  again  during  the  roll  axis  flight  test  pro¬ 
gram  under  contract  DAAJ02-73-C-0056. 


INSTRUMENTATION 


Pilot  Input  Signal  Instrumentation 

In  order  to  determine  the  pilot's  inputs,  potentiometers  were  installed  on 
the  pedals,  the  cyclic,  and  the  collective.  The  pedal  potentiometer  was 
located  in  front  of  the  pilot's  pedals  as  shown  in  Figure  23,  the  cyclic 
potentiometers  were  located  under  the  pilot's  seat  as  shown  in  Figure  24, 
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Figure  21.  View  Looking  Forward  at  Approximately  Station  125.  00. 


Figure  22.  View  Looking  Below  Engine  Where  Hydraulic  Lines 
Enter  Baggage  Area. 
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and  the  collective  potentiometer  was  located  under  the  copilot's  seat  as 
shown  in  Figure  25.  The  pedal  and  cyclic  potentiometers  were  spring 
loaded  such  that  a  simple  nylon  string  could  be  used  to  connect  the  poten 
tiometers  to  the  control  linkages.  This  eliminated  any  binding  or 
misalignment,  especially  on  cyclic  controls  that  move  in  multidirections. 


Flight  Test  Fixture 

A  fixture  was  designed  enabling  the  pilot  to  put  constant  step  and  pulse 
type  inputs  into  the  vehicle  controls.  This  device  is  shown  in  Figures  26 
and  27.  It  could  be  adjusted  to  control  the  size  of  the  steps  and  also 
positioned  with  respect  to  the  vehicle.  A  shear  pin  fastening  the  rod  to 
the  end  piece  allows  the  pilot  to  override  the  fixture  if  it  cannot  be 
removed  from  the  controls  quickly. 


Recording  Equipment 

The  vehicle  motion  was  measured  by  three  rate  gyros:  pitch,  roll,  and 
yaw.  These  can  be  seen  in  Figures  28  and  29.  The  rate  gyros,  the  pilot 
control  motions,  the  servoactuator,  and  the  collective  motion  signals  were 
amplified  and  recorded.  Part  way  through  the  program  the  collective 
signal  was  replaced  with  the  directional  control  rod  motion  measured  aft 
of  the  boost  actuator. 

The  power  to  run  the  instrumentation  was  obtained  from  the  vehicle's 
armament  circuit  through  a  400  Hz  inverter,  which  is  shown  in  Figure  30. 

The  instrumentation  power,  recorder  power,  recorder  speed,  and  an 
event  marker  on  the  recorder  could  all  be  controlled  from  the  center 
console.  During  flight  testing  the  recorder  was  left  on  slow  speed  until 
the  time  to  take  flight  test  data.  It  was  then  speeded  up  and  a  coded  mark 
placed  on  the  recording.  This  facilitated  finding  data  on  the  recordings 
and  correlated  the  x’ecordings  with  airspeed  and  direction. 
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POTENTIOMETER 


Figure  25.  Collective  Pickoff  Under  Copilot  Seat 
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Figure  28.  Test  Instrumentation  as  Viewed  From  Right  Side  of  OH-58A 
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FLIGHT  TEST  RESULTS 


Flight  testing  of  the  high-passed  yaw  rate  configuration  was  completed  in 
October  1972,  and  that  of  the  high-passed  plus  straight-through  yaw  rate 
configuration  in  December  1973.  All  flight  testing  was  conducted  at  the 
Honeywell  flight  operation  facility  at  prescribed  speeds  and  altitudes. 

In  order  to  test  the  effectiveness  of  the  yaw  SAS,  both  steps  and  pulses  of 
either  sign  were  applied  for  each  flight  condition  with  the  yaw  SAS  dis¬ 
engaged  and  then  repeated  with  the  yaw  SAS  engaged.  Appropriate  param¬ 
eters  were  recorded  on  an  onboard  24-channel  recorder.  Eight  of  these 
24  parameters  were  also  recorded  in  greater  detail  on  a  second  onboard 
eight-channel  recorder.  Selected  segments  of  the  eight-channel  recordings 
are  reproduced  as  Figures  31  through  74.  These  recordings  were  evalu¬ 
ated  according  to  the  criteria  established  in  MIL-H-8501A,  Amendment  1, 
dated  April  3,  1962.  Results  of  the  evaluation,  keyed  to  specific  paragraphs 
of  MIL-H-8501A,  are  summarized  in  tables  and  in  the  following  comments. 


DIRECTIONAL  CONTROL  POWER 

Directional  control  power  requirements  are  given  in  paragraphs  3.  3.  5 
and  3.  3.  7  of  MIL-H-8501A.  It  states  that  at  hover  for  an  aircraft  gross 
weight  of  2,  470  pounds  a  1-inch  step  of  pedal  shall  result  in  a  yaw  dis¬ 
placement  of  7.  27  degrees  minimum  and  50.  0  degrees  maximum  at  the 
end  of  1  second. 

Results,  summarized  in  Table  II,  show  that  the  directional  control  power 
requirement  is  satisfied  with  either  SAS  configuration  or  with  no  SAS. 
Because  of  yaw  rate  feedback,  some  decrease  in  control  power  with  the 
SAS  on  was  expected.  Data  indicated,  however,  that  neither  SAS  con¬ 
sistently  increased  or  decreased  control  power. 

Change  in  heading  was  obtained  by  integration  of  yaw  rate,  since  heading 
was  not  displayed  on  the  eight-channel  recorder. 
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Figure  31.  Yaw  Step  -  Left  (Hover,  75  Ft)  No  Straight-Through  Yaw  Rate  Loop. 


Figure  32.  Yaw  Step  -  Right  (Hover.  75  Ft)  No  Straight-Through  Yaw  Rate  Loop 


Figure  37.  Yaw  Steps  (60  Kn,  6,  000  Ft)  No  Straight-Through  Yaw  Rate  Loop 
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Figure  43.  Roll  Steps  (Hover,  3,  000  Ft)  No  Straight-Through  Yaw  Rate  Loop, 


Figure  44.  Roll  Steps  (60  Kn,  3,  000  Ft)  No  Straight-Through  Yaw  Rate  Loop. 


Figure  47.  Roll  Steps  (110  Kn.  3.  000  Ft)  No  Straight-Through  Yaw  Rate  Loop. 


Figure  51.  Yaw  Pulses  (Hover,  3,  000  Ft)  With  Straight-Through  Yaw  Hate  Loop, 


Figure  53.  Yaw  Pulses  (60  Kn,  3,  000  Ft)  With  Straight-Through  Yaw  Rate  Loop, 


Figure  59. 


Figure  61.  Yaw  Pulses  (110  Kn,  3,  000  Ft)  With  Straight-Through.  Yaw  Rate  Loop, 
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Figure  62.  Roll  Steps  (Hover,  3,  000  Ft)  With  Straight-Through 
Yaw  Rate  Loop  5_  ■  .  6  In. 


Figure  63.  Roll  Steps  (Hover,  3,  000  Ft)  With  Straight-Through 
Yaw  Rate  Loop  6.  »  .  25  In. 


Figure  64.  Roll  Steps  (60  Kn,  3,  000  Ft)  With  Straight-Through 
Yaw  Rate  Loop  6-  ■  .  6  In. 


Figure  65.  Roll  Steps  (60  Kn,  3,  000  Ft)  With  Straight-Through  Yaw  Rate  Loop 


Figure  67.  Roll  Steps  (60  Kn,  6,  000  Ft)  With  Straight-Through  Yaw  Rate  Loop 


figure  74.  Engage/Disengage  Transients  With  Straight-Through  Yaw  Rate  Loop. 
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ANGULAR  VELOCITY  BUILDUP 


The  angular  velocity  buildup  requirement,  paragraph  3.  3.  16  of  MIL-H- 
8501A,  states  that  angular  acceleration  shall  be  in  the  proper  direction 
within  .  2  second  after  control  displacement.  Results  are  summarized 
in  Table  III.  Reduction  of  these  data  is  difficult  because  of  the  recorder 
time  scale  chosen  (1.45  in.  =  6  sec)  and  the  width  of  the  recorder  traces 
(up  to  .  08  sec).  It  appears  that  the  aircraft  is  marginally  out  of  specifi¬ 
cation  limits  with  either  SAS  or  with  no  SAS.  Again,  because  of  yaw  rate 
feedback,  one  would  expect  a  slight  increase  in  angular  velocity  buildup 
time,  but  the  data  scaling  was  such  that  it  would  not  be  perceptible. 


DAMPING 


Damping  requirements  are  stated  in  paragraph  3.  6.  1.  2  (a)  of  MIL-H- 
8501A  as  ".  .  .  .  any  oscillation  having  a  period  of  less  than  5  seconds  shall 
damp  to  one-half  amplitude  in  not  more  than  one  cycle.  ..."  At  all  flight 
conditions  other  than  hover  the  periods  of  oscillation  are  less  than  5 
seconds,  and  for  these  conditions  a  damping  ratio  of  .  215  will  suffice. 

At  forward  flight  conditions  the  yaw  rate  response  with  the  SAS  off  is  quite 
oscillatory, and  damping  ratios  are  calculated  using  the  transient  subsid¬ 
ence  ratios.  With  the  SAS  on  the  yaw  response  is  well  damped  and 
damping  ratios  are  estimated  by  comparing  the  response  to  that  of  second  - 
order  systems  of  known  damping  ratios. 

Results  are  summarized,  for  forward  flight,  in  Table  IV.  Both  SAS  con¬ 
figurations  increase  yaw  damping  to  the  point  where  the  .  215  requirement 
is  easily  satisfied.  The  average  damping  ratio  for  the  listed  flight  con¬ 
ditions  is  only  slightly  greater  for  the  high-passed  plus  straight-through 
yaw  rate  configuration  -  .  55  as  opposed  to  .  52.  Damping  of  the  free  air¬ 
craft,  however,  was  poorer  during  the  October-December  19  73  flight  test 
than  during  those  completed  in  October  1972, although  the  same  aircraft  was 
used  for  both.  If  one  looks  at  the  average  increment  of  damping  added  by 
the  SAS,  over  and  above  that  of  the  free  aircraft,  it  is  seen  that  the  con¬ 
tribution  of  the  high-passed  plus  straight-through  yaw  rate  configuration 
is  considerably  greater  than  the  high-passed  yaw  rate  configuration  -  .  4 
as  opposed  to  .  25. 

The  differences  in  free  aircraft  damping  noted  in  flight  test  of  the  two 
systems  are  ascribed  to: 
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•  Lack  of  repeatability  of  data.  Similar  test  inputs  on  the  same  test 
flight  produce  somewhat  dissimilar  results. 

•  Reduction  of  damping  ratios  and  natural  frequencies  from  flight  test 
recordings  is,  at  best,  imprecise. 

•  Increased  effort  during  the  October-December  1973  flight  tests  to 
keep  the  roll  cyclic  stick  fixed  while  inserting  test  inputs  at  the  pedal, 
thus  reducing  interaxis  coupling. 

Most  of  the  data  was  taken  with  the  crew  access  doors  in  place,  but  for  one 
flight  condition,  90  kn  at  3,  000  ft,  the  test  was  repeated  with  access  doors 
removed.  AMRDL  wanted  to  determine  if  removal  of  the  doors  had  any 
effect  on  yaw  damping.  Other  test  conditions  remained  unchanged. 

At  forward  flight  speeds,  some  increase  in  damping  with  removal  of  the 
access  doors  was  expected.  Although  some  changes  in  damping  were 
evident,  damping  did  not  consistently  increase  nor  decrease.  Therefore, 
it  cannot  be  concluded  that  the  changes  resulted  directly  from  removing 
the  doors. 

At  hover  the  yaw  rate  response  to  a  step  input  of  pedal  differs  from  that 
at  forward  flight.  Instead  of  an  exponentially  decaying  oscillatory  transient, 
yaw  rate  increases  monotonic  ally.  Paragraph  3.  3.  7  of  MIL-H-b50lA 
states  that  :,the  maximum  rate  of  yaw  per  inch  of  sudden  pedal  displace¬ 
ment  from  trim  while  hovering  shall  no*  be  so  high  as  to  cause  a  tendency 
for  the  pilot  to  overcontrol  unintentionally.  "  During  flight  tests  of  the 
high-passed  yaw  rate  configuration  in  October  1972,  yaw  rates  were  very 
high.  In  most  instances  the  recorder  and/or  the  instrumentation  rate 
sensor  saturated.  The  highest  observed  yaw  rate,  over  133°/sec/in.  , 
occurred  with  the  SAS  on.  This  led  to  the  audition  of  the  straight-through 
yaw  rate  term. 

As  noted  in  Section  II,  the  straight-through  yaw  rate  gain  (K-  )  was 

in  * ST 

initially  set  at  .  25  fadfsec'  SAS  was  flight  tested  at  this  gain  in 

October  19  73,  and  the  high  yaw  rates  at  hover  were  again  evident.  The 

gain  was  then  increased  to  .  475  — ^-r - and  the  data  reported  were 

b  rad/sec  r 

obtained  at  this  gain.  Particular  attention  was  given  >  yaw  rate  response 

at  hover,and  it  was  the  judgement  of  the  Honeywell  project  pilot  that  the 

yaw  rate  response  of  Figure  48  (with  SAS)  was  tolerable.  This  response, 

taken  in  ground  effect  (altitude  *  5  ft),  is  reproduced  in  a  smoothed 

fashion  as  Figure  75. 
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Figure  75.  Maximum  Allowable  Yaw  Rate  Response  at  Hover. 

It  is  used  as  a  maximum  response  limit  in  judging  the  acceptability  of  all 
yaw  rate  responses  at  hover.  All  other  hover  responses  meet  this 
criterion. 


SWITCHING  TRANSIENTS 

Paragraph  3.  5.  9  (a)  of  MIL-H-8501A  states  that  there  shall  be  no  apparent 
switching  transients  as  a  result  of  SAS  engagement.  Examination  of  all 
the  traces  taken  during  flight  test  of  the  high-passed  yaw  rate  configuration 
revealed  no  such  transients.  If  they  were  present,  they  were  within  the 
noise  threshold  of  the  instrumentation  rate  sensor. 

The  lack  of  engage  transients  in  the  high-passed  yaw  rate  configuration  is 
due  to  the  inability  of  steady-^tate  signals  to  get  through  the  high  pass. 
When  the  straight-through  term  is  added,  null  offsets  due  to  temperature 
changes  in  the  vortex  rate  sensor  are  passed  on  to  the  servo.  This  results 
in  a  slight  transient  in  yaw  when  the  SAS  is  engaged,  as  shown  in  Figure  74. 
No  such  transient  is  evident  upon  disengagement.  Null  offsets  due  to  the 
pedal  do  not  contribute  to  the  transient,  since  the  pedal  input  is  summed  in 
downstream  of  where  the  straight -through  yaw  rate  is  picked  off. 


AUTOROTATION 


Paragraph  3.  5.  5  of  MIL-H-8501A  states  that  ".  -.  .  the  transition  from 
powered  flight  to  autorotative  flight  shall  be  established  smoothly,  with 
adequate  controllability,  and  with  a  minimum  loss  of  altitude.  ..." 
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Autorotative  entries  were  performed  from  60kn,  90kn,  and  llOkn  with  the 
high-passed  plus  straight-through  yaw  rate  system.  The  project  pilot 
noted  that  the  SAS  made  it  easier  to  control  yaw  during  throttle  chop  and 
power  recovery.  Figure  72  and  73  illustrate  this  in  terms  of  smaller  peak 
yaw  rates  with  the  SAS  engaged. 


PILOT  COMMENTS  -  SUMMARY 


Nine  test  pilots  from  military  agencies  and  industry  have  evaluated  the 
YG1105A01  fluidic  stabilization  system  installed  in  the  OH-58A  test 
helicopter. 

These  pilots  generally  agree  that  the  SAS  provides  good  directional 
damping  during  cruise  flight  with  an  acceptable  loss  of  control  power. 
Some  of  the  pilots,  however,  expressed  a  desire  for  increased  directional 
damping  in  hovering  flight.  All  pilots  indicated  that  the  engage-disengage 
characteristics  of  the  SAS  are  excellent.  Lateral  maneuvers,  and  take¬ 
offs  and  landings  are  enhanced  by  the  system,  but  increased  performance 
is  desired  through  optimization  in  hovering  flight. 


YG1105A01  (No  Straight-Through  Yaw  Rate) 

Comments  made  by  Major  John  Smith  and  Major  Robert  Chaplin  of  ASTA  * 


'With  the  SAS  on  there  was  a  reduction  in  directional  control  power  and 
directional  control  response  in  both  hover  and  forward  flight.  The 
reductions  became  smaller  as  forward  airspeed  was  increased  and 
were  not  detectable  to  the  pilot  at  cruise  airspeed  (90  KIAS).  The 
forward  flight  directional  controllability  characteristics  of  the  OH-58A 
with  the  SAS  engaged  were  satisfactory  for  the  VFR  or  IFR  mission." 

"Qualitatively,  there  was  a  slight  reduction  in  pilot  effort  required  to 
hover  with  the  SAS  on;  however,  considerable  effort  was  still  required 
to  precisely  maintain  a  position  over  a  spot."  Correction  of  the  lack  of 
directional  damping  in  a  hover  is  desired. 

"With  the  SAS  on,  yaw  oscillations  in  left  sideward  flight  between  10  and 
20  KTAS  were  significantly  reduced  and  pilot  effort  required  to  maintain 
desLed  heading  was  decreased.  The  sideward  flight  characteristics  with 
the  fluidic  yaw  damper  installed  are  satisfactory  for  tr.e  VFR  mission." 


*  Ltr.,  To  Director  of  Eustis  Directorate,  U.  S.  AMRDL,  "Fluidic  Yaw 
Damper  Installed  on  the  OH-58A  Helicopter,"  December  8,  1972, 
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A  qualitative  flight  was  made  in  light  to  moderate  turbulence.  The 
increased  damping  provided  by  the  SAS  reduced  the  pilot  effort  to  main¬ 
tain  a  level  flight  trim  attitude." 


"Previous  evaluations  of  the  OH-58A  have  shown  that  the  aircraft  develops 
an  undamped  lateral  directional  oscillation  (Dutch  roll)  when  placed  in  a 
slight  sideslip.  This  flight  condition  was  experienced  in  the  test  aircraft 
with  the  SAS  off.  While  the  aircraft  was  oscillating,  the  yaw  SAS  was 
turned  on  and  the  lateral  directional  oscillations  damped  out  immediately. 
Likewise  it  was  not  possible  to  excite  the  oscillations  once  the  SAS  was 
turned  on.  Elimination  of  this  undesirable  aircraft  oscillation  enhances 
the  ability  of  the  aircraft  to  perform'  IFR  or  VFR  missions." 

"The  standard  OH-58A  has  neutral  spiral  stability.  If  the  aircraft  is  dis¬ 
placed  in  the  roll  axis  from  level  trim  by  a  gust,  it  will  not  return  to  the 
level  trim  condition.  This  evaluation  revealed  that  the  yaw  damper 
improved  the  spiral  stability  of  the  aircraft  from  neutral  to  convergent. 

This  characteristic  significantly  enhances  the  J.FR  capability  of  the  air¬ 
craft  by  reducing  the  pilot  effort  required  to  maintain  a  desired  heading. 

The  directional  dynamic  stability  characteristics  of  the  OH-58A  with  the 
fluidic  yaw  damper  installed  are  satisfactory  for  the  IFR  mission. 

"A  limited  qualitative  evaluation  was  conducted  during  level  flight,  side¬ 
slips,  and  maneuvering  flight  to  determine  if  there  were  adverse  effects 
when  the  SAS  was  suddenly  turned  off.  (No  hardover  testing  was  conducted.  )" 
"The  evaluation  revealed  that  the  aircraft  reactions  following  a  sudden  SAS 
failure  were  very  mild.  During  all  the  tests,  delays  greater  than  three 
seconds  were  possible  before  corrective  action  was  necessary  following 
a  failure.  It  was  also  found  that  the  system  could  be  turned  on  during  any 
flight  condition,  including  maneuvering  flight,  without  waiting  for  the  SAS 
actuators  to  center.  Also,  the  engagement  transients  were  hardly  detect¬ 
able  to  the  pilot  even  in  a  steep  turn.  The  absence  of  delay  time  to  acti¬ 
vate  the  SAS  and  the  minimal  engagement  transients  are  enhancing  charac¬ 
teristics  of  the  fluidic  yaw  damper.  Within  the  scope  of  this  test,  the 
automatic  stabilization  system  characteristics  are  satisfactory  for  the 
IFR  or  VFR  missions." 


Comment  made  by  Mr.  Ron  Earhart  (BUG): 

The  system  worked  very  well  and  did  as  good  a  job  as  the  electronic  SAS 
used  on  the  Jet  Ranger  (A  paraphrase  by  II.  I.  ). 
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Comment  made  by  Mr.  Duane  Simon  (U.  S.  Army): 

"The  system  did  not  have  enough  gain.  It  was  not  stiff  enough  for  the  needs 
of  the  aircraft."  (H.  I.  comments:  This  particular  system  did  not  have  any 
temperature  compensation,  and  at  the  time  he  flew  the  aircraft  the  outside 
temperature  w£.<=  a  maximum  of  15°F  on  the  ground.  We  know  that  the  oil 
temperature  was  only  about  80°F  and  that  the  system  gain  was  not  up  to 
usual  performance. ) 


Comments  made  by  Mr.  Donald  Sotanski  (H.  L  ) 

There  is  no  significant  roll  or  yaw  transient  when  the  SAS  is  engaged 
either  in  steady-state  flight  or  maneuvering  flight.  There  is  a  slight, 
nonobjectionable  disengage  transient. 

The  loss  of  control  power  with  the  SAS  engaged  is  negligible.  Decreased 
control  power  can  be  detected  by  repeated  hover  maneuvers  with  and  with¬ 
out  the  SAS.  In  forward  flight,  it  is  difficult  to  detect  a  loss  of  control 
power. 

The  standard  OH-58A  has  hydraulically  boosted  flight  controls  in  the  roll 
and  pitch  axis  only.  The  yaw  axis  flight  control  system  is  purely  mechani¬ 
cal;  thus,  a  wide  range  of  friction  levels  exists  for  the  anti-torque  pedals 
in  any  fleet  of  standard  OH-58A  aircraft.  It  is  not  unusual  to  find  rela¬ 
tively  high  pedal  breakout  forces  and  decreasing  pedal  force  required  with 
pedal  displacement  from  neutral  or  trim  position.  This  condition,  coupled 
with  the  light  roll  control  forces  required,  leads  to  a  tendency  to  over¬ 
control,  especially  during  landings  from  a  hover.  Pilot  induced  roll-yaw 
oscillations  are  frequently  encountered,  especially  by  pilots  transitioning 
in  the  aircraft. 

The  addition  of  hydraulic  boost  in  the  yaw  axis  of  the  test  aircraft  partially 
eliminates  the  high  breakout  force  problem  but  does  not  provide  a  positive 
force  gradient.  It  is  obvious,  however,  that  the  addition  of  hydraulic 
boost  and  yaw  stabilization  reduces  the  pilot  effort  required  to  land  from  a 
hover  or  lift-off  from  a  hover.  The  tendency  of  pilot  induced  roll-yaw 
oscillations  is  reduced,  especially  during  down  wind  landings  and  gusting 
wind  conditions. 

With  the  SAS  engaged,  fixed  pedal  landings  from  a  three  foot  hover  can  be 
accomplished  with  left  turns  ranging  up  to  approximately  45  degrees.  The 
same  maneuver,  performed  with  the  SAS  off,  often  results  in  a  180  degree 
left  turn. 
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It  is  recognized  that  the  SAS  has  not  been  designed  for  hover  operations, 
thus  the  author  feels  that  superior  SAS  performance  in  hover  is  highly 
desirable  and  can  be  achieved. 

The  unaugmented  aircraft  is  underdamped  in  yaw  and  roll  --  making 
precise  control  or  instrument  flying  difficult.  The  SAS  provides  excellent 
damping  in  the  yaw  axis,  providing  deadbeat  response  to  steps  and  pulses. 

A  measure  of  additional  roll  stability  is  also  apparent  during  SAS  operation. 
The  Dutch  roll  characteristics  of  the  aircraft  are  eliminated  with  SAS 
engagement.  This  feature  will  reduce  pilot  fatigue  during  prolonged  flights. 


The  characteristic  left  yaw  experienced  as  a  result  of  a  throttle  chop  is 
reduced  both  in  magnitude  and  rate  with  the  SAS  engaged.  Control  of  the 
aircraft  during  autorotation  entry  and  recovery  is  enhanced  by  use  of  the 
yaw  SAS. 

It  is  recommended  that  the  system  be  modified  to  provide  optimum 
damping  in  a  hover  as  well  as  during  cruise  flight.  It  is  the  author's 
opinion  that  the  average  operational  pilot  would  prefer  augmentation 
during  hovering  maneuvers  over  cruise  for  contact  flight.  Both  roll 
and  yaw  augmentation  during  cruise  should  be  provided  for  any  actual 
instrument  flight  in  the  OH-58A  aircraft. 


YG1116A01  (Incorporating  Size  and  Weight  Reductions, Temperature 
Compensation,  and  Straight-Through  Yaw  Rate):" 

Comments  made  by  Lt.  Com.  JohnO'Boyle  and  Lt.  Com.  George  Rowell 
(U.  S.  Navy  Training  Command,  Pensacola,  Florida): 

'Yhe  system  helped  in  the  hover  mode,  particularly  in  downwind  hovering. 
The  OH-58A  and  TH-57  have  different  characteristics  with  the  TH-57  more 
in  need  of  a  SAS."  (H.  L  Note:  Both  pilots  evaluated  the  system  from  the 
standpoint  of  whether  the  system  had  any  bad  features  that  would  interfere 
with  student  training.  Their  conclusion  was  that  "they  could  find  nothing 
detrimental.  "  [H.  I.  paraphrase],  ) 

Comments  made  by  Mr.  R.  A.  Balzer  and  Mr.  B.  Ganguish  (Boeing- 
Vertol): 

They  felt  that  the  system  did  a  good  job  for  the  OH-58A  but  that  other 
vehicles  such  as  the  BO-105  would  need  a  three  axis  system,  and  gain 
scheduling  versus  airspeed  for  the  yaw  axis  would  be  required.  (II.  I. 
paraphrase). 
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Comments  made  by  Mr.  Duane  Simon  (U.  S.  Army)  * 

lvThe  fluidic  yaw  SAS  installed  in  the  OH-58A  worked  very  well  and  appears 
ready  for  demonstration  to  the  operational  community. ' 

However,  in  terms  of  production  hardware  the  system  still  exhibited  a 
shortcoming  identified  in  previous  Government  evaluations  that  relates 
to  a  "yawing  windup.  "  Since  the  last  evaluation,  Honeywell  incorporated 
a  modification  to  the  SAS  in  an  attempt  to  eliminate  or  minimize  the  windup 
problem.  The  modification  succeeded  in  transforming  the  response  to  a 
left  pedal  step  input  from  an  acceleration  to  a  rate,  as  desired;  but,  it 
had  no  noticeable  effect  on  the  angular  response  to  a  right  pedal  input. 


The  reason  for  this  discrepancy  was  unknown  at  the  time  of  the  evaluation, 
but  it  appears  that  the  contractor  is  working  at  the  problem  since  the  fix 
worked  satisfactorily  in  one  direction.  The  "yawing  windup"  problem 
should  be  resolved  before  proceeding  with  an  ASTA  evaluation.  Should 
the  Eustis  Directorate  proceed  with  plans  to  expand  the  system  to  include 
roll  SAS,  it  will  again  be  necessary  for  the  contractor  to  investigate  and 
optimize  gains  and  shaping.  This  should  be  followed  by  another  Director¬ 
ate  flight  evaluation  before  proceeding  with  "selling-type"  demonstrations. 

Comments  made  by  Maj.  Donald  Couvillion  (U.  S.  Army):** 

"One  flight  was  conducted  in  the  OK-58A.  The  only  augmentation  in  this 
aircraft  was  in  yaw.  The  OH-58A  normally  is  notoriously  unstable  in 
yaw.  The  yaw  augmentation  resulted  in  a  noticeable  improvement  in 
handling.  There  was  a  marked  improvement  in  yaw  control  with  the 
channel  engaged." 

Comments  made  by  Mr.  Donald  Sotanski  (H.  1.  ): 

All  of  the  foregoing  comments  pertaining  to  the  YG1105A01  SAS  equally 
apply  to  the  YG1116A01  SAS.  Additional  comments  are  as  follows: 


*  Memorandum  for  Record,  "Pilot  Comments  on  UH-IM  and  OH-58A 
Fluidic  SAS,  "January  4,  1974,  Duane  R.  Simon 

**  Memorandum,  Mr,  George  N.  Fosdick  from  Maj.  Donald  A.  Courillion, 
"Pilot  Comments  on  the  Honeywell  3-Axis  Fluidic  Stability  Augmentation 
System  (FSAS),"  December  18,  1973. 
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Responses  to  a  constant  pedal  input  at  hover  in  a  standard  OH-58A  is  a 
yaw  acceleration.  The  yaw  acceleration  is  such  that  sustained  input  could 
result  in  loss  of  control.  The  SAS  provides  yaw  rate  approximately  pro¬ 
portional  to  pedal  input;  however,  the  response  to  a  right  pedal  input  is  an 
acceleration.  It  should  be  noted  that  during  right  pedal  turns  the  charac¬ 
teristic  acceleration  of  angular  motion  is  quite  evident  as  the  aircraft 
passes  through  the  downwind  position.  This  "downwind  acceleration"  is 
not  evident  during  left  pedal  turns. 

The  cause  for  the  right  pedal  turn  malfunction  should  be  determined  and 
corrected.  It  is  the  author's  opinion  that  a  perfect  angular  rate  pro¬ 
portional  to  pedal  position  is  not  required;  a  decrease  in  angular  acceler¬ 
ation  would  be  satisfactory.  This  opinion  is  based  on  the  belief  that  a 
pilot  will  not  allow  the  angular  rate  in  a  pedal  turn  to  build  to  a  dangerous 
level. 

H.  I.  Note;  Lack  of  damping  during  right  turns  at  hover  was  traced  to  a 
nonlinearity  in  the  rate  sensor  circuit.  This  is  presently  being  investi¬ 
gated  and  will  be  reported  in  the  final  report  on  Contract  No.  DAAJ02-73- 
C-0056. 
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CONCLUSIONS 


Based  on  the  flight  data  presented  in  this  report,  the  following  conclusions 
have  been  drawn: 

•  Either  SAS  configuration  will  satisfy  yaw  damping  requirements  at 
forward  flight  speeds. 

•  Addition  of  the  straight-through  yaw  rate  term  effectively  limits 
steady-state  yaw  rate  buildup  in  hover. 

•  Neither  SAS  configuration  has  a  deleterious  effect  on  directional 
control  power. 

•  Angular  velocity  buildup  in  yaw  is  marginally  out  of  specification 

limits  for  the  free  aircraft.  Neither  SAS  configuration  has  a 
significant  effect.  , 

•  The  high-passed  yaw  rate  configuration  is  noticeably  free  of  engage 
transients.  Addition  of  straight-through  yaw  rate  compromises  the 
engage  transient  only  slightly. 

•  The  high-passed  plus  straight-through  yaw  rate  configuration  aids 
the  pilot  in  accomplishing  autorotative  flight. 
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pedal  position  -  in. 

yaw  rate  -  rad/ sec,  deg/ sec 
roll  cyclic  stick  position  -  in. 

roll  rate  -  rad/ sec,  deg/ sec 
pitch  cyclic  stick  position  -  in. 

pitch  rate  -  rad/ sec,  deg/ sec 
yaw  servo  ram  displacement  -  in. 

collective  stick  position  -  in. 

lateral  velocity  -  ft/sec 

roll  attitude  -  rad,  deg 

tail  rotor  actuator  displacement  -  in. 

straight-through  yaw  rate  gain  -  raL^fgec 
high-passed  yaw  rate  gain  -  y^d/see 

vortex  rate  sensor  transport  delay  -  sec 
yaw  rate  high-passed  time  constant  -  sec 

pedal  gain  -  in.  /  in. 

yaw  damping  derivative 

natural  frequency  -  rad/ sec 

damping  ratio 
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LIST  OF  SYMBOLS  (Concluded) 
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transport  delay 

lateral  force  due  to  lateral  velocity 
lateral  force  due  to  roll  rate 

2 

gravitational  constant  -  32.  2  ft/sec 
forward  velocity 

lateral  force  due  to  tail  rotor  deflection 

lateral  force  due  to  lateral  cyclic  stick 

lateral  force  due  to  yaw  rate 

rolling  moment  due  to  lateral  velocity 

rolling  moment  due  to  roll  rate 

rolling  moment  due  to  yaw  rate 

rolling  moment  due  to  tail  rotor  deflection 

rolling  moment  due  to  lateral  cyclic  stick 

yawing  moment  due  to  lateral  velocity 

yawing  moment  due  to  yaw  rate 

yawing  moment  due  to  roll  rate 

yawing  moment  due  to  tail  rotor  deflection 
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